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Cerebro-oculo-facio-skeletal (COFS) syndrome is a rapidly progressive neurological disorder leading to brain at-
rophy with calcification, cataracts, microcornea, optic atrophy, progressive joint contractures, and growth failure.
Cockayne syndrome (CS) is a recessively inherited neurodegenerative disorder characterized by low-to-normal birth
weight; growth failure; brain dysmyelination with calcium deposits; cutaneous photosensitivity; pigmentary reti-
nopathy, cataracts, or both; and sensorineural hearing loss. CS cells are hypersensitive to UV radiation because of
impaired nucleotide excision repair of UV radiation–induced damage in actively transcribedDNA.The abnormalities
in CS are associated with mutations in the CSA or CSB genes. In this report, we present evidence that two probands
related to the Manitoba Aboriginal population group within which COFS syndrome was originally reported have
cellular phenotypes indistinguishable from those in CS cells. The identical mutation was detected in the CSB gene
from both children with COFS syndrome and in both parents of one of the patients. This mutation was also
detected in three other patients with COFS syndrome from the Manitoba Aboriginal population group. These
results suggest that CS and COFS syndrome share a common pathogenesis.
Introduction
Although initially reported in 1971 by Lowry et al.,
cerebro-oculo-facio-skeletal (COFS) syndrome (MIM
214150) was explicitly delineated by Pena and Shokeir
in 1974 as an autosomal recessive progressive brain and
eye disorder leading to cerebral atrophy, hypoplasia of
the corpus callosum, hypotonia, severe mental retarda-
tion, cataracts, microcornea, optic atrophy, progressive
joint contractures, and postnatal growth deficiency
(Pena and Shokeir 1974). Subsequent reports suggested
a spectrum ranging from severe perinatal lethal forms
to milder forms that allowed affected individuals to sur-
vive childhood (Preus and Fraser 1974; Lurie et al. 1976;
Surana et al. 1978; Grizzard et al. 1980; Linna et al.
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1982; Casteels et al. 1991; Gershoni-Baruch et al. 1991;
Scott-Emuakpor et al. 1977). Several authors have since
commented on the clinical similarity between COFS syn-
drome and Neu-Laxova syndrome (MIM256520) (Win-
ter et al. 1981; Silengo et al. 1984). Other entities
appropriately considered in the differential diagnosis
include Martsolf syndrome (MIM 212720) (Martsolf et
al. 1978; Sa´nchez et al. 1985; Hennekam et al. 1988;
Strisciuglio et al. 1988; Harbord et al. 1989); cataract,
hypertrichosis, mental retardation (CAHMR) syndrome
(MIM 211770) (Temtamy and Sinbawy 1991); andWar-
burg micro (MICRO) syndrome (MIM 600118) (War-
burg et al. 1993). COFS syndrome has not been asso-
ciated with any specific biochemical, chromosomal, or
molecular defect, despite intensive investigations and re-
currence in a number of consanguineous families.
In this article, we report studies of three patients with
the typical COFS syndrome phenotype. Two patients
(patients 1 and 2) were dizygotic twins from a family
related to the Saulteaux tribe of the Ebb and Flow band
in Manitoba, Canada (fig. 1). The third proband (pa-
tient 3) is also from the Saulteaux tribe. When first
reported in 1974 by Pena and Shokeir, members of this
tribe resided on an Indian reservation with a fluctuating
population of ∼500 residents. French immigrants were
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Figure 1 Patients 1 and 2 at age 5 years. They demonstrate classic COFS syndrome facial features, including microcephaly,microphthalmia
with deep-set eyes, prominent nasal root, and large ear pinnae.
thought to have married into the tribe in the late 19th
century and are presumed to have introduced the cul-
pable gene into a geographically restricted population
where consanguineous marriages were common (Pena
et al. 1978).
In the present study, phenotypic characterization of
fibroblast cell lines, derived from patients 1 and 3, has
revealed features indistinguishable from those observed
in classical Cockayne syndrome (CS) (MIM 216400).
Additionally, sequencing of cDNA from patients 1 and
3 shows the identical homozygous dinucleotide deletion
mutation in the CS group B (CSB) gene, with no mu-
tations in theCSA open-reading frame (ORF). The same
mutation is present in one of the CSB alleles in both
parents of patient 1. This mutation was also found in
DNA obtained from archival tissues from three other
tribe members diagnosed with COFS syndrome, the
neuropathological findings in whom have been reported
elsewhere (Del Bigio et al. 1997). Finally, transfection
of fibroblasts derived from patient 1 with normal CSB
cDNA complemented the phenotype of hypersensitivity
to killing by UV radiation. These results indicate that
COFS syndrome is due to mutations in the CSB gene
and that COFS syndrome should be considered a dis-
tinctive clinical variant of CS.
Material and Methods
Biological Material
Fibroblast cultures from patients 1 and 3 were pre-
pared from skin biopsies. These cells were the source of
mRNA. Genomic DNA from both parents of patient 1
was obtained from blood. DNA was obtained from par-
affin-embedded cerebral cortex samples from three de-
ceased subjects with COFS syndrome (Del Bigio et al.
1997) as well as from four age-matched controls, as
described elsewhere (Stein and Raoult 1992). Wild-type
primary and immortalized fibroblast cell lines GM1604
and Tel1604, respectively, were provided by Lisa
McDaniel, University of Texas Southwestern Medical
Center. The CS-B cell line CS2PB was obtained from the
Camden Cell Repository. Fibroblast cell lines were im-
mortalized by infection with a retroviral vector contain-
ing human telomerase cDNA. Immortalized COFS syn-
drome cell lines are designated TelCOFS03MA (patient
1) and TelCOFS02MA (patient 3). Transfection of im-
mortalized cell lines was done with Fugene (Roche Mo-
lecular Biochemicals), according to the manufacturer’s
directions. Cell lines were maintained in Eagle minimum
essential medium, supplemented with 15%–20% fetal
bovine serum, 2# nonessential amino acids, 2 mM L-
glutamine, and antibiotic/antimycotic (Gibco). Selection
for cointegration of pSV2neo and pSLME6(), a plas-
mid vector containing the CSB cDNA under control of
the SV40 late promoter (Troelstra et al. 1992), was with
200 mg/ml G418 (Gibco).
UV Radiation Sensitivity
Six-well cluster dishes were inoculated with 20,000
cells per well in 2 ml of Eagle minimum essential me-
dium/20% irradiated, hybridoma-tested fetal bovine se-
rum. The next day, dishes were rinsed with PBS and
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irradiated with UVC light, after which they were rein-
cubated in culture medium. Trypsin was added to wells
containing confluent cells, and cells were counted with
a particle counter so that we could generate quantitative
survival curves.
Complementation of UV Radiation Sensitivity
After transfection with either pSV2neo or cotransfec-
tion with pSV2neo and pSLME6(), cells were selected
with G418. G418-resistant clones were pooled, and cells
( ) were plated in 10-cm dishes in duplicate. The53# 10
next day, cells were washed twice with PBS and irra-
diated with UVC radiation. After 5 d, surviving cells
were rinsed in PBS, fixed with 1% glutaraldehyde in PBS
for 15 min, rinsed with PBS, and stained with crystal
violet for 30 min. The dye was removed, and dishes were
washed to remove excess dye. After drying the dishes,
dye was extracted with 70% ethanol for30 min. Spec-
trophotometric readings (575 nm) of dye concentration
were used to quantitate survival. Experiments were per-
formed in triplicate.
Unscheduled DNA Synthesis and Recovery of RNA
Synthesis after UV Irradiation
Analysis of unscheduled DNA synthesis (DNA repair
synthesis) was performed as described by De Vries et al.
(1995). Recovery of RNA synthesis in UV-irradiated
cells was measured as described by Troelstra et al.
(1992).
Mutational Analysis
Total RNA was prepared from fibroblast cell lines by
the TRIZOL reagent (Gibco BRL), according to man-
ufacturer’s instructions. cDNA was synthesized from to-
tal RNA by the Superscript preamplification system
(Gibco BRL), followed by PCR with the Expand High
Fidelity PCR system (Boehringer-Mannheim). Sequenc-
ing of amplified fragments was by standard automated
methods with an ABI PRISM 310 (PE Biosystems). Am-
plification and sequencing of the CSA ORF was done
as described by Henning et al. (1995). CSB cDNA se-
quencing was performed with the following primers: for-
ward, 31–53, 5′-TCTCTGTTTCCTTGTGGGCGCTC-
3′; 828–848, 5′-CCCAGATCCCTCAGAAACAGG-3′;
2450–2472, 5′-GGAGAGATGCAGATTTTCTCCGG-
3′; and 3236–3255, 5′-CGCAAGAAGTTCCCTGC-
TTC-3′; and reverse, 999–980, 5′-GGGGCTGGAGG-
CGTGACTGG-3′; 2827–2805, 5′-CACCCGCGTGG-
TCAGAAGAAACA-3′; 3683–3663, 5′-GTCTCAGAT-
GTTTCTCCAGGG-3′; and 4529–4507, 5′-CTTCAC-
CACCAGAAGTTCTATGG-3′.
CSB cDNA from patients was amplified in four parts
with primers 31–53/999–980, 828–848/2827–2805,
2450–2472/3683–3663, and 3236–3255/4529–4507.
Sequencing was done with these primers plus additional
ones (sequence not shown) necessary to cover the entire
coding region.
Genomic DNA from the parents was digested with
XbaI and subjected to agarose gel electrophoresis. A
fragment ∼4 kb in size was shown by Southern hybrid-
ization to contain the relevant sequence. A gel slice
containing 3–5 kb DNA fragments was isolated. The
fragments were harvested from the gel slice with
QiaQuick (Qiagen). This DNA was used in a PCR re-
action with the following primers: 3641–3670 forward,
5′-CATAGTGTGGCAGAAGAAGAGACCCTGGAG-
3′; and 3830–3800 reverse, 5′-CATAATCGTCATTGCT-
CTGTTCCTTGGCCTC-3′. PCR fragments were either
sequenced directly or cloned into pGEM-T-Easy (Pro-
mega), and several clones were sequenced. For the par-
affin-embedded samples, the procedures we followed
were as described for total genomic DNA, except that
it was unnecessary to submit samples to XbaI digestion.
Results
Case Reports
Patients 1 and 2 were dizygotic male-female twins
born small for their gestational age. They had micro-
cephaly, deep-set eyes, bilateral microphthalmia and cat-
aracts, overhanging upper lips, and prominent noses (fig.
1), and the boy had undescended testes. Their parents
were from the same Manitoba tribe in which COFS syn-
drome was originally reported, and family history re-
vealed three normal siblings and no known consanguin-
ity. The twins manifested failure to thrive, recurrent
pneumonias, axial hypotonia, appendicular hypertonia,
hyperreflexia, and progressive contractures. Both were
diagnosed with typical features of COFS syndrome (fig.
1). Despite high-calorie feeding via gastrostomy tubes,
the twins showed minimal weight gain and no devel-
opmental progress. The girl died at age 5 years; she
suffered from dehydration, metabolic acidosis, and sei-
zures. Before her death, cranial computed tomography
scans revealed enlargement of the ventricles and subar-
achnoid spaces, with calcifications in the periventricular
frontal white matter and basal ganglia. Autopsy revealed
severe neurodegeneration, with markedly reduced brain
weight, patchy demyelination in the cerebrum and hind-
brain, neuronal loss and gliosis in the cerebral cortex,
and pericapillary and parenchymal mineralization in the
cortex and basal ganglia (case 7 in the study by Del
Bigio et al. [1997]).
Teeth erupted at age 5 years in the surviving boy, but
they became carious, even though he was fed by gas-
trostomy tube. At age 2 years his hearing was normal,
but there was profound hearing loss by age 6 years, when
he developed insulin resistance. At age 7 years he had
further neurological deterioration, and computed to-
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Figure 2 Survival of COFS cell lines after exposure to UV ra-
diation. Wild-type fibroblast cell line GM1604 (unblackened squares),
COFS syndrome patient 1 (blackened circles), COFS syndrome patient
3 (unblackened circles), and cells from a CS group B patient (blackened
squares). Survival values are the mean of triplicate experiments.
Figure 3 COFS cell lines are proficient in unscheduled DNA
synthesis. Quantitation of grains/nucleus in 100 non-S phase cells of
a wild-type (Tel1604) cell line (blackened bars), COFS cell line
TelCOFS03MA (unblackened bars), and COFS cell line Tel-
COFS02MA (gray bars). Grain counts are expressed as histograms
and show that the COFS cell lines are proficient in unscheduled DNA
synthesis.
mography showed brain atrophy with basal ganglia cal-
cifications similar to that observed in his sister. Electro-
encephalogram indicated that he had no seizure activity.
This boy never manifested cutaneous photosensitivity or
actinic keratoses, but at age 10 years he had ocular pho-
tosensitivity with consistently constricted pupils. Cranial
magnetic resonance imaging scan revealed severe atro-
phy of brain stem, cerebellum, and upper cervical spinal
cord, with diffuse cerebral atrophy. Areas of increased
signal intensity on T2 weighting in the periventricular
cerebral white matter were interpreted as demyelination.
The patient died at age 11 years.
Patient 3 was a girl first seen by geneticists at age 2
years, when the diagnosis of COFS syndrome was made.
She had three younger siblings, all normal. She was the
daughter of Aboriginal parents from the same popula-
tion as patients 1 and 2, although consanguinity was
denied. She presented at birth with growth deficiency,
microcephaly, and bilateral microphthalmia with cata-
racts. She failed to thrive and manifested profound de-
velopmental deficiency, recurrent pneumonia, and sei-
zures. She had small, deep-set eyes, a prominent nasal
root and tip, an overhanging upper lip, and mild mi-
crognathia. Appendicular tone was increased with de-
creased axial tone, and she developed progressive con-
tractures. Eruption of teeth was delayed until age 4
years, and she was inattentive to visual stimuli. She had
no freckling, actinic keratoses, or photosensitivity, and
she died at age 6 years.
Phenotypic Characterization of COFS Syndrome Cells
Primary fibroblasts were established from patients 1
and 3, and sublines were immortalized by infection with
the human telomerase (hTERT) gene, a recently devel-
oped strategy that results in immortalization with no
other discernible alterations in the phenotype of diploid
primary fibroblasts (Bodnar et al. 1998). Phenotypic
characterization of cells was carried out independently
in two laboratories (those of D.B.B. and E.C.F.). Both
the primary (fig. 2) and the immortalized cell lines (data
not shown) were distinctly more sensitive to killing by
UV radiation than were cells from an unaffected control
individual. Additionally, both immortalized (fig. 3) and
mortal (data not shown) cell lines revealed normal levels
of global nucleotide excision repair (NER), as deter-
mined by repair synthesis in living cells exposed to UV
radiation. Finally, measurement of repair synthesis of
plasmid DNA treated with the DNA-damaging agent
acetylaminofluorene and incubated with cell-free ex-
tracts showed normal levels of NER in extracts of one
of the immortalized cell lines (data not shown). Collec-
tively, these results indicate that sensitivity to killing after
exposure to UV radiation is not the result of defective
global NER, in contrast to what is observed in the NER-
defective hereditary disease xeroderma pigmentosum
(Cleaver and Kraemer 1989). Base excision repair of
oxidative damage in vitro was also normal in these two
cell lines (data not shown).
Moderately increased sensitivity to UV radiation is a
characteristic phenotype of cells from patients with CS.
CS cells manifest normal global NER but are defective
in NER of actively transcribed genes or transcription-
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Figure 5 Sequence chromatograms showing the mutation found
in patients with COFS syndrome. Arrows mark the position where the
mutation is localized. A, Wild-type nucleotide and predicted amino
acid sequence. B, Sequence of one patient with COFS syndrome; the
anticipated stop codon is underlined. C, Sequence of the father of the
patient depicted in B. Note the frameshift shown by the overlap of
both wild-type and mutant alleles in the carrier (arrow).
Figure 4 Recovery of RNA synthesis in a wild-type cell line
(Tel1604; blackened squares) and COFS cell lines TelCOFS02MA
(green squares) and TelCOFS03MA (red squares). Data for a CSB
mutant cell line (CS2PB; blue squares) are shown for comparison.
Unirradiated or UV-irradiated (with 4 J/m2) cells were pulse-labeled
with [3H] at different times after irradiation (seeMaterial andMethods
section for details). Data points represent the mean of triplicate plates.
The SEM falls within the size of the symbols.
coupled NER (van Hoffen et al. 1993). The latter phe-
notype manifests with a delay in the rate of recovery of
RNA synthesis after exposure to UV radiation. Primary
fibroblasts from COFS syndrome patients 1 and 3 (data
not shown), as well as cell lines immortalized by trans-
fection with the telomerase gene, manifested reduced ki-
netics of recovery of RNA synthesis comparable to that
observed in cells of people with CS (fig. 4).
Mutational Analysis of CSA and CSB cDNA
The findings described above prompted examination
of the nucleotide sequence of the CSA and CSB ORFs
by use of cDNA from fibroblasts of patients 1 and 3.
No mutations were detected in the CSA ORF (data not
shown). In contrast, we detected homozygous deletion
of two nucleotides at position 3794 of the CSB ORF in
both patients analyzed with COFS syndrome (fig. 5B).
This deletion generates the nonsense codon TGA at
amino acid position 1240 and is expected to result in a
truncated polypeptide missing the C-terminal 254 amino
acids (fig. 5B). The identical mutation was observed in
one CSB allele in the parents of patient 1 (fig. 5C). Ex-
amination of genomic DNA extracted from formalin-
fixed, paraffin-embedded cerebral cortex archival ma-
terial from three confirmed cases of COFS syndrome
(Del Bigio et al. 1997), as well as from four age-matched
controls, revealed the identical mutation in all three sam-
ples from the COFS syndrome patients but not in the
age-matched controls (data not shown).
Complementation of UV Radiation Sensitivity of COFS
Cells
To confirm that the phenotype of COFS cells is due
to a defect in the CSB gene, we introduced wild-type
CSB cDNA into immortalized COFS cells from patient
1 and examined UV radiation sensitivity. Cotransfection
of a plasmid vector, pSLME6(), from the study by
Troelstra et al. (1992) containing the CSB cDNA under
control of the SV40 late promoter together with plasmid
pSV2neo (expressing the gene for resistance to G418),
into wild-type and COFS cells yielded G418-resistant
clones. Cells were also transfected with pSV2neo alone
as a control. COFS cells transfected with plasmid
pSV2neo alone were abnormally sensitive to killing by
UV radiation (fig. 6). This sensitivity was significantly
corrected by cotransfection with pSV2neo and the vector
containing the CSB gene (fig. 6). On the basis of all the
results presented above, we conclude that the mutation
in the CSB gene observed in COFS cells is the direct
cause of the cellular phenotypes.
Discussion
COFS syndrome is rare but well documented. The orig-
inal reports by Pena and Shokeir (1974) and Pena et al.
(1978) suggested an autosomal recessive mode of in-
heritance. Nine of the initial 10 cases reported by them
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Figure 6 Complementation of UV radiation sensitivity in im-
mortalized COFS cells (TelCOFS03MA). COFS and wild-type cell lines
were transfected with either pSV2neo alone or cotransfected with
pSV2neo and the expression vector pSLME6 carrying the CSB gene.
G418-resistant clones were pooled and examined for UV radiation
sensitivity. Repair-proficient line Tel1604 transfected with pSV2neo
(unblackened circles) or with pSV2neo plus pSLME6 (blackened cir-
cles). COFS cells (TelCOFS03MA) transfected with pSV2neo (un-
blackened squares) or with pSV2neo plus pSLME6 (blackened
squares). Vertical bars represent the SEM of three experiments.
were from two French-Indian families in a genetically
isolated Manitoba Aboriginal population in which con-
sanguineous marriages were common. The 10th case oc-
curred in a French family from the same region, but the
identity of the father was not established. Key features
include congenital microcephaly with subsequent brain
atrophy, reduced white matter, patchy gray matter, hy-
potonia, deep-set eyes with microphthalmia and cata-
racts, and camptodactyly with rocker-bottom feet.
Movement is markedly decreased, leading to joint con-
tractures, and life span is usually short (Pena and Shokeir
1974; Pena et al. 1978). Failure to thrive in these chil-
dren is common because of feeding problems. Recurrent
aspiration pneumonia led to death at age !30 mo in 8
of the initial 10 patients described (Pena and Shokeir
1974; Pena et al. 1978).
The initial report by Pena and Shokeir cited a study
by Lowry et al. (1971) in which two siblings with mi-
crocephaly, microphthalmia, cataracts, kyphosis, lim-
ited joint movements, undescended testes, shallow ac-
etabula, and coxa valga were described. Preus and
Fraser (1974) reported a similar but more-severely af-
fected child of Italian parents who were first cousins,
living in Montreal. Subsequently, single patients with
COFS syndrome whose parents were consanguineous
were described (Lurie et al. 1976; Grizzard et al. 1980).
Additionally, Scott-Emuakpor et al. (1977) reported
four siblings with COFS syndrome whose parents were
unrelated. These reports expanded the spectrum of se-
verity in both directions and confirmed the autosomal
recessive transmission of the disorder.
In a longitudinal follow-up study of some patients
they originally studied, Pena et al. (1978) emphasized
the progressive nature of COFS syndrome and suggested
that it may represent a primary neurodegenerative dis-
order. They also commented on observations of patients
reported earlier with anomalies such as cardiac defects
due to defective atrioventricular septation (Lurie et al.
1976; Preus et al. 1977) and expressed doubt that these
represented true COFS syndrome. However, a recent
report (Casteels et al. 1991) described two unrelated
infants with COFS syndrome. One was classically af-
fected, but the other had associated heart defects.
The distinction between COFS syndrome and CS can
pose a serious clinical problem. Linna et al. (1982) em-
phasized the diagnostic utility of foci of intracranial
calcification in the lenticular nuclei and hemispheric
white matter in affected siblings with COFS syndrome.
However, progressive demyelination with brain calci-
fication is also observed in the severe infantile form of
CS (Nance and Berry 1992). In both conditions, intra-
uterine growth can be normal, but postnatal growth
deficiency is striking and unrelenting. Hence, it has be-
come increasingly more difficult to clinically distinguish
between early-onset CS, classical COFS syndrome (with
congenital cataracts, microphthalmia, and intracranial
calcifications), and other progressive demyelinating dis-
eases similar to early-onset CS (Linna et al. 1982; Patton
et al. 1989; Talwar and Smith 1989; Nance and Berry
1992).
Studies have documented the location of mutations
in the CSB gene in 16 CS patients (Mallery et al. 1998).
The mutation reported in the present study is novel and
is situated downstream of the most 3′ mutation re-
ported. One might therefore anticipate that the COFS
syndrome form of CSB protein would be less truncated
and perhaps account for a less-severe phenotype than
that shown by either classical CS type I patients or the
more-severely affected type II form (Mallery et al. 1998;
Colella et al. 1999). However, we have recently iden-
tified a mutation in another patient with COFS syn-
drome who is not a member of the aboriginal COFS
syndrome kindred (C. Powell, L. Meira, and E. Fried-
berg, unpublished data). Molecular analysis of cells
from this individual revealed a mutation in exon 10 of
the CSB gene, 5′ to many of the mutations reported in
CS. Collectively, these results suggest that the severity
of the disease does not directly correlate with the site
of mutation in the linear CSB gene.
We did not note clinical photosensitivity in the pa-
tients with COFS syndrome described in this study.
Nonetheless, cells from these individuals are abnormally
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sensitive to killing by UV radiation, and this phenotype
can be corrected by transfection with wild-type CSB
cDNA. Additionally, the cells manifested other pheno-
types documented earlier in CS, including delayed re-
covery of RNA synthesis after exposure to UV radiation
(Nance and Berry 1992). Finally, and most conclusively,
both cases of COFS syndrome revealed identical mu-
tations in the CSB gene. On the basis of these findings,
we suggest that COFS syndrome no longer constitutes
a distinct genetic entity but represents an allelic, clini-
cally severe form of CS.
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